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Abstract: The European Spallation Source (ESS), which is under construction in Lund (Sweden), will
be the leading and most brilliant neutron source and aims at starting user operation at the end of
2023. Among others, two small angle neutron scattering (SANS) machines will be operated. Due to
the high brilliance of the source, it is important to minimize the downtime of the instruments. For
this, a collaboration between three German universities and the ESS was initialized to develop and
construct a unified sample environment (SE) system. The main focus was set on the use of a robust
carrier system for the different SEs, which allows setting up experiments and first prealignment
outside the SANS instruments. This article covers the development and construction of a SE for
SANS experiments with foams, which allows measuring foams at different drainage states and the
control of the rate of foam formation, temperature, and measurement position. The functionality
under ESS conditions was tested and neutron test measurement were carried out.
Keywords: foams; small angle neutron scattering; sample environment; instrumentation
1. Introduction
Neutrons play an important role for current fundamental science. Investigation of
soft matter in the submicrometer range relies on neutron science due to the possibility
of an unique contrast variation based on hydrogen–deuterium exchange. The European
Spallation Source (ESS), which is under construction in Lund (Sweden), will be the leading
neutron source in terms of flux and brilliance in the future [1,2]. This high flux will lead
to decreasing measurement times and, therefore, will reduce the amount of beam time
allocated to the individual users. This benefit also comes with a challenge, since the
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installation of sample environments (SEs) and the time required for preparation of the
experiment will become a crucial factor for an efficient use of the beamtime. Consequently,
the design of SEs should have a strong emphasis on the reduction of down time during
sample and SE changes. The FlexiProb project (funded by the Federal Ministry of Education
and Research of Germany, BMBF) is a collaborative effort of three research groups to
design and construct three SEs in the field of soft matter research for implementation at
the two small angle neutron scattering (SANS) instruments at the ESS, namely LoKI [3]
and SKADI [4,5]. The SEs include an in situ SANS/DLS setup [6], a GISANS setup [7],
and a SE for SANS experiments on aqueous foams, which is presented in this paper. In
principle, the SEs are also compatible with beamlines at other neutron sources. However,
the carrier system was designed to specifically fit into the sample areas of the instruments
mentioned above. Every SE is assembled on an optical breadboard, which will be mounted
on the kinematic mounting system, which is currently developed by the ESS. The whole
setup is then transferred to the sample area of SANS instrument with a pallet truck. This
approach allows preparing the experimental setup outside the instrument before the
actual experiment. In addition, the ESS is planning offline alignment stations at which
prealignment can be done within the ESS Universal Sample Coordinate System (USCS) [8].
All of this will allow for an exchange of the whole SE in a single step. This should enable
fast and easy changes between different SEs and, therefore, should reduce down time
between different experiments and users.
Foams are ubiquitous in everyday life in detergents, cosmetics, and food. In addition,
foams are used in industrial processes such as mineral flotation, oil recovery, and fire
fighting. Given their large abundance in everyday life and industrial processes, foams are
the subject of numerous scientific studies and books [9–15]. However, some fundamen-
tal parameters such as foam stability or foamablity (foaming capability) are still difficult
to predict [16]. The reason for this lies in the complexity of the foam structure and the
vast variety of foam stabilizers ranging from surfactants, ionic and nonionic, to polyelec-
trolyte/surfactant mixtures, inorganic particles, and proteins. Depending on the system,
different parameters seem to govern the overall properties of the resulting macroscopic
foam. These parameters include surface elasticity and viscosity [17,18], maximum disjoin-
ing pressure in individual foam films [19,20], the formation of aggregates [21,22], and the
composition at the interface [23]. The reason for this broad variety of parameters associated
with macroscopic foam properties lies not only in the distinct differences between foam
stabilizers, but also in the complex structure of the foam itself. All of the above men-
tioned parameters were studied at single air/water interfaces, bubbles, or foam lamellae,
which is a drastic simplification of the complex structure of foams. Although they are
challenging, measurements on entire foams can address the structural complexity and
dynamics. The dynamics inside of nanoparticle stabilized foams were studied by diffusing
wave spectroscopy [24,25]. Here, two dynamic processes were observed: a fast one caused
by the nanoparticle diffusion and a slow one reflecting the foam dynamics. The internal
structure of foams can be investigated by SANS [26–31]. The main measurable feature
here is the thickness of foam lamellae inside of the foam. In this context, specific salt
and pH effects [29], the chemical nature of the surfactant [31,32], and different drainage
states of the foam [26,29,32] were studied. Furthermore, it is possible to detect objects
inside the foam such as micelles [26,27], solid nanoparticles [30], or polymer sufactant
complexes [33]. In such experiments, contrast variation is especially powerful, because
it allows to selectively mask or unmask objects or structures inside the foam [30]. Since
foams are thermodynamically unstable by nature and, with the specific example of aqueous
foams, are highly dynamic at a timescale of minutes, SANS experiments were limited to
rather stable foams.
Different cell designs for SANS on foams were reported in literature [26,28,29,31]. In
all of these cells, foam formation is realized by bubbling gas through a porous plate either
made of steel or sintered glass. The first cell of this type was designed by Axelos et al. and
consists of a Plexiglas cylinder with a single quartz window for the neutron beam [26].
Appl. Sci. 2021, 11, 5116 3 of 13
Taking into account the changing liquid volume fraction along the height of a foam column,
Micheau et al. used a cell with three plane parallel windows at different positions along
the foam cylinder [29]. This made it possible to probe the foam at different (gravitational)
drainage stages. Following this approach, we designed a foam cell that allows SANS mea-
surements at any desired height along the foam cylinder. Since the foam formation before
each SANS experiment takes several minutes, the presented SE includes a sample changer
for up to three foam cells, allowing foaming the next sample during the measurement of
the previous one. As stated above, this is especially important for highly brilliant neutron
sources such as the ESS in order to reduce the downtime between sample changes. The
high flux and reduced measurement time at the ESS will also enable measurements with
more dynamic and less stable foams and will allow studies with high time resolution,
which is especially appealing for highly dynamic foams. In order to use the full potential
of the ESS from day one, it is crucial to design and test SEs for various experiments before
the start of operation.
In this article, we present the design and construction of the FlexiProb SE for SANS
experiments on foams. Detailed technical aspects of the measurement cell itself and
the peripheral components such as temperature control, gas flow control, and sample
positioning, as well as first benchmarks for measurements with neutrons, are shown.
2. Instrumental Concept and Performance
2.1. General Construction
The main parts of the sample environment are three foam cells, in which the foam will
form. Figure 1a,b show an engineering drawing and a photograph of a single foam cell.
Each cell consists of a 250 mm long quartz glass cylinder with an inner diameter of 30 mm
and a wall thickness of 2 mm. Quartz is almost transparent to neutrons and the circular
design avoids the rupture of lamellae at edges. A porous quartz glass plate (pore size
10–16 µm, porosity P16 (ISO 4793)) is fused to the bottom of the cylinder. The whole
cylinder is mounted to a gas-inlet socket via an O-ring in a crimp connection. From below,
a gas (e.g., air or nitrogen) is pressed through the porous plate, which breaks the continuous
gas flow into small bubbles. This results in the formation of foam, when an appropriate
foaming solution is poured into the cylinder. Finally, the gas exits the cylinder at the open
top, which ensures pressure equilibrium. For temperature control, two thermostating
jackets are fitted to each foam cylinder, using titanium screws from the bottom of the gas-
inlet socket. One of the main features and advantages of this foam cell is the possibility to
measure at any position along the height of the foam cylinder. Therefore, the thermojackets
are designed in a way to leave a slit-shaped gap between them. The width of this gap
governs the maximum scattering angle accessible. Figure 1c shows a sketch in top view
for the estimation of the maximum scattering angle at the geometrically least favorable
position. For a scattering event occurring at the edge of a 10 mm wide primary neutron
beam (highlighted in orange) at the side facing the primary beam, the scattering angle limit
2θlim is 13.8°. Assuming a neutron wavelength of λ = 5 Å, the maximum scattering vector




sin(θlim) ≈ 0.3 Å
−1
(1)
This corresponds to a minimum measurable size of 2 nm in real space, which is
sufficient to resolve structures such as foam films or incorporated objects such as micelles
or nanoparticles. It is worth noting that the SANS instruments LoKI and SKADI at the
ESS will be operated with a predicted neutron wavelength band of 2 Å to 22 Å and 3 Å
to 21 Å, respectively [2]. We expect an accessible q range of 0.005–0.6 Å
−1
for our foam
cell at these ESS instruments. The lower limit is governed by the instrument’s design and
the upper limit by the cell geometry. This will lead to a range of measurable sizes of ca.
1–125 nm. The gas-inlet socket and thermostating cylinder are made of AlMg4.5Mn0.7, a
special aluminum alloy that is easy to process and not activated by neutrons. The hose
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connectors are made of AlMg4.5 and, therefore, are also not activated by neutrons. All three
foam cells are placed in a folded AlMg4.5 socket.
Figure 1. Individual foam cell. (a) Explosion-view drawing and (b) photograph in front view.
(c) Schematic top view. The individual foam cells consist of a quartz glass cylinder, thermojackets,
and a gas-inlet socket. The neutron beam (highlighted in orange) passes the cell perpendicular
to the thermojackets in variable height. For the estimation of the minimal range of scattering
angles accessible, a scattering event at the (geometrically) least favorable position is considered
(green arrow).
The side facing the primary neutron beam is protected by an aluminum plate covered
with 1 mm B4C including rectangular slits at the respective positions of the foam cells.
Since the cells are open to the top, an aluminum cover was placed above the cells to avoid
dust incorporation. A backview of the mounted cells is shown in Figure 2a. The setup is
placed on a translation stage (travel range 508 mm), which allows remote controlled sample
changes between the different foam cells as shown in Figure 2b,c. The entire setup is
mounted on a breadboard (900 × 1200 mm2, Newport Spectra-Physics GmbH, Darmstadt,
Germany). Later on at the ESS, the entire setup will be mounted on a lifting table, which
is also part of the unified carrier system used by all FlexiProb SEs. This will ensure fast
setup changes by removing the entire setup including the board. The lifting table installed
at LoKI and SKADI will have a vertical displacement range of >300 mm with a 0.1 mm
positional accuracy, which is sufficient for the foam cell SE.
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Figure 2. Overview of the sample environment (SE). (a) Backview of three foam cells on folded
aluminum construction. (b) Technical drawing of the complete SE mounted on the breadboard.
(c) Front view of the SE (technical drawing) without shielding.
2.2. Gas Flow Control
The flow of the foaming gas is controlled by a FG-201CV mass flow controller
(Bronkhorst, AK Ruurlo, The Netherlands) operating at an upstream pressure of 3 bar.
The gas flow rate can be adjusted between 0–30 mL min−1. The three foam cells have
separate gas circuits with individual mass flow controllers. This opens the possibility to
prepare foams while another is measured or to define different foam states with a fast
shift between different columns. The devices are connected via RS232 connections to a
serial device server (NPort 5450, Moxa, Taipei, Taiwan). Here, the RS232 signal is con-
verted into an Ethernet signal, which is transmitted via LAN to the instrument control.
Communication is realized on a dynamic data exchange (DDE) server implemented in the
supplier’s FlowDDE software (Version 4.81). With this connection established, the devices
are controlled using the DDE client program FlowView (Version 1.23) also distributed by
the supplier.
Figure 3 shows the results of a foaming experiment in which 12 mL of tetrade-
cyltrimethylammonium bromide (C14TAB) (c = 3.5 mM) surfactant solution were foamed
with synthetic air at a flow rate of V̇ = 30 mL min−1. Pictures of the foam column were
taken in a time interval of 80 s and the respective foam heights extracted by image analysis.
Neglecting foam decay, a theoretical foam height hth(t) was calculated using Equation (2)
for comparison, which is based on the volumetric gas flow rate and the cross-sectional area
of the foam cell.
Figure 3. Test of the foaming procedure and tightness of the gas flow system. (a) Three pictures of
a foaming C14TAB (c = 3.5 mM) solution at different times. (b) Foam height as a function of time
(black squares) and the theoretical height (red line) according to Equation (2).





Here, V̇ is the volumetric gas flow rate, t is the foaming time, and A is the cross-
sectional area of the foaming cylinder.
The measured values are in good agreement with the theoretical foam height as
shown in Figure 3b. This shows that the gas flow system works and the foam is formed
as intended.
2.3. Temperature Control
Temperature change of the foams is achieved by two AlMg4.5Mn0.7 thermostating
jackets at both sides of each foam cylinder. The thermostating jackets of all three sample
cells are connected via appropriate distributors to a Julabo FP50-HL circulating thermostat
(Julabo GmbH, Seelbach, Germany) with a temperature range of −50 °C to 200 °C when
the appropriate thermofluid is used. For studying aqueous foams, however, an achievable
temperature range of 10 °C to 80 °C is typically sufficient, allowing the use of water as
thermofluid. To validate the performance of the heat input by the thermostating jackets,
tests with a foam stabilized by C14TAB at its critical micelle concentration of c = 3.5 mM
were performed [34]. Therefore, 12 mL of the surfactant solution were foamed at ambient
temperature with a synthetic air flow of 15 mL min−1. After the foam reached the top of
the quartz cylinder, the gas flow was stopped and the setpoint of the water bath thermostat
was adjusted to 50 °C. The evolution of the temperature was monitored by three Pt-100
temperature sensors (model PT-102-3S-QT, Lake Shore Cryotronics, Inc., Westerville, OH,
USA) at different positions at a height of 11.5 cm inside of the foam cylinder. The positions
were chosen in a way to reflect the asymmetric shape of the thermostating jacket around
the foam cylinder as indicated by A, B, and C in Figure 4. One sensor was put in the center
of the cylinder (C), while the remaining two sensors were placed on the rim of the foam
column, one in close proximity to the thermostating jacket (A) and one right behind the
neutron window slit (B). The evolution of the temperature and a schematic sketch of the
different positions are shown in Figure 4a.
Following an initial increase, the temperature reaches a plateau at all three positions
after around 20 min. The final temperatures were 48 °C at position A (close to thermostating
jacket), 42 °C at position B (behind neutron window slit), and 45 °C at position C (center).
This temperature gradient is explained by the asymmetric shape of the thermostating jacket
around the foam cell and the low heat conductivity of foams. As explained in Section 2.1,
this asymmetric shape was chosen to allow SANS measurements at any height along
the foam cylinder, accepting the drawback of a potential temperature gradient. The
temperature jumps observed at every position are most likely due to air bubbles passing
by the sensors, changing the heat conductivity next to them.
In order to reduce this temperature gradient, the experiment was repeated with the
foam cylinder wrapped in aluminum foil (see Figure 4b). Again, the temperature reaches
a plateau after around 20 min with final temperatures of 49 °C at position A, 47 °C at
position B, and 48 °C at position C. Wrapping the cylinder in aluminum foil decreases the
temperature gradient inside the foam because of the improved thermal contact between the
quartz cylinder and the thermostating jackets. In addition, aluminum is almost transparent
to neutrons and is also often used as a material for neutron windows. A drawback of this
approach is that it is no longer possible to observe the foam during a SANS experiment
with a camera. Detecting the formation of holes at the measuring position is sometimes
beneficial, especially when dealing with rather unstable foams where holes may form
randomly. Depending on the requirements regarding the accuracy of temperature control,
one of the two methods described can be used.
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Figure 4. Evolution of the temperature of a tetradecyltrimethylammonium bromide (C14TAB,
c = 3.5 mM) foam in the foam cylinder without (a) and with (b) aluminum foil cover. The tem-
perature was monitored using three Pt-100 temperature sensors at positions depicted by the inset.
The setpoint of the water bath thermostat was adjusted to 50 °C at the beginning of the experiment
and was reached after ca. 8 min.
2.4. Sample Positioning
Horizontal sample alignment is achieved with a linear translation stage (LS-180, Physik
Instrumente GmbH & Co. KG, Karlsruhe, Germany) with a maximum load of 100 kg, an
operating displacement of 508 mm at a maximum speed of 150 mm s−1, and a bidirectional
repetition accuracy of ±0.1 µm. The linear stage is driven by a two-phase bipolar half-
coil stepper motor (model PK-258-02B, Oriental Motor, Tokyo, Japan). The position is
monitored with a linear optical encoder with RS-422 quadrature signal transmission (LIA-
20, Numerik Jena, Jena, Germany). The entire setup will be placed on an optical breadboard
based on a lifting table, which ensures the vertical sample alignment. The control unit was
built according to ESS specifications ensuring compatibility with ESS control standards.
Figure 5 shows the corresponding circuit diagram for the custom built crate. The translation
stage is labeled with “AXIS 1”. For testing purposes, a two-axis goniometer was also
integrated (motor top, motor bottom, encoder top, and encoder bottom). However, in the
framework of the foam cell SE, this goniometer is not used.
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Figure 5. Circiut diagram of the motion control crate. Beside the translation stage, a two-axis
goniometer is also controlled by this crate.
The custom built 19-inch crate is equipped with 24 V (BLOCK Transformatoren-
Elektronik GmbH, Verden, Germany) and 48 V (Mean Well Enterprises, New Taipei City,
Taiwan) power supplies. The latter one provides power for the motors while the first one
provides the power for the control unit. The control unit is based on an Ethernet fieldbus
system (EtherCAT, Beckhoff Automation GmbH & Co. KG, Verl, Germany). An embedded
PC (CX5130) is connected to a potential distribution terminal (EL9189) and a stepper motor
terminal (EL7041), which ensure the motor movement. A digital input terminal (EL1808)
and a digital output terminal (EL2819) are connected, sending and reading the motor
positions. Additionally, an incremental encoder interface terminal (EL5101) is added to
read the encoder signal out.
The embedded PC communicates with the hardware of the linear stage via the Twin-
CAT 3 software. This signal is forwarded to the Experimental Physics and Industrial
Control System (EPICS) [35], which will be the unified control software for beamline de-
vices at the ESS and is able to control the devices and monitor their state. The EPICS is
used by the Networked Instrument Control System (NICOS) [36], which offers a graph-
ical interface for users and is the outermost layer of the instrument control structure at
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the ESS. Further details regarding instrument control and data streaming are described
elsewhere [37].
From 2015 until 2019, the ESS operated a dedicated testbeamline at the Helmholtz-
Zentrum Berlin, also known as V20 [38,39]. Here, a fully workable environment, mimicking
a future ESS instrument, was built up for testing and development. The linear stage was
successfully tested at this instrument, proving the compatibility with the ESS standards in
terms of control, interaction with other devices, and data logging.
The integration of the peripheral SE components into NICOS also allows programmable
measurements with automated changes between the three foam cells and the measurement
height along each cell, varying temperature, and gas flows.
3. Neutron Test Measurements
Test measurements with a single foam cell were carried out at the KWS-1 small
angle scattering diffractometer at the Heinz Maier-Leibnitz-Zentrum (MLZ, Garching,
Germany) [40,41]. Figure 6a shows the foam cell at the beamline. All measurements were
performed at a wavelength of 4.92 Å with a 10% wavelength resolution (FWHM), a squared
neutron beam of 10 × 10 mm, and a data acquisition time of 5 min. Scattering patterns
were recorded with a 6Li-scintillation detector with photomultiplier tubes and a spatial
resolution of 5.3 × 5.3 mm2. All measurements were background corrected due to dark
current. The foam measurements were also corrected for the scattering by the empty cell.
The sample–detector distance was determined using an optical theodolite. Figure 6b shows
the 2D detector image of the empty foam cell recorded at a sample–detector distance of
7.615 m. As expected, the empty quartz cylinder provides a low background with no
significant secondary scattering.
Figure 6. (a) Single foam cell installed at the KWS-1 beamline at the MLZ. (b) 2D SANS data of an
empty quartz foam cylinder. (c–e) 2D SANS data of a steady-state foam produced from a 25 g L−1
SDS solution at 16 cm (c), 9.5 cm (d), and 2 cm (e) foam height above the foaming solution. All
experiments were carried out at a sample–detector distance of 7.615 m. Data acquisition time was
5 min.
Test measurements were conducted with a foam stabilized by 25 g L−1 (86.7 mM)
sodium dodecyl sulfate (SDS), which is well above the critical micelle concentration of
8 mM [42], at different foam heights. This system was chosen because of the high foam
stability and the fact that the first study ever performed on SANS on foams also used a
SDS foam at this concentration, making it a reference system [26]. 12 mL of the surfactant
solution were initially foamed with a nitrogen gas flow rate of 10 mL min−1. After the foam
level reached a height of around 18 cm, the gas flow was reduced to 1 mL min−1. At this
flow rate the foam height does not change anymore, meaning that the foam formation at the
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bottom and the foam decay at the top of the column are balanced. This results in a steady-
state foam, in which the foam height corresponds to the age of the foam (i.e., the time
passed after its formation at the bottom of the cylinder) and therefore its drainage state.
Figure 6c–e shows the corresponding 2D detector images recorded at 16 cm, 9.5 cm
and 2 cm above the foaming solution. All images exhibit an isotropic scattering signal
around the primary beam. This reveals that the neutron path length through the cell is
long enough to average over all orientations of the foam structure, namely the liquid
films, within the measuring window. The scattered intensity decreases with increasing
measurement height. This is explained by the decreasing liquid volume fraction of the
foam with increasing foam age (or height) and proves that different states of the foam can
be accessed with a steady-state foam in one experiment.
Axelos et al. studied the same system using a similar foam cell with a single quartz
window for the neutron beam in the lower third of the cylinder and the reported values
are shown for comparison (closed squares in Figure 7) [26]. They performed two types of
measurements. The first type of measurement was a continuous foaming experiment, in
which the SANS data were recorded while nitrogen was continuously bubbled through the
foaming solution. This resulted in a wet foam at the measuring position. The second type
of measurement was a drainage experiment, in which the gas flow was stopped after foam
formation. After some time, this led to a dry foam at the measuring position at the bottom
of the foam column. These two types of foams are related to different foam heights in a
steady-state foam. Here, a wet and fresh foam is observed at the bottom while a dry and
aged foam is observed at the top of the steady-state foam.
Figure 7. Radial averaged scattering data from a 25 g L−1 SDS foam (86.7 mM) at three different
foam heights in a steady-state foam (open symbols) and comparison with reference data of a wet
continuous foam and a foam after drainage [26].
The measured radial averaged scattering curves are plotted in Figure 7 (open squares).
The data were shifted in intensity for better comparison. Normalization of SANS data of
foams is still challenging and was not an aim of this experiment. The determination of the
foam’s liquid volume fraction based on the neutron transmission is prone to errors, since
most foams show a high transmission close to 1 [26,29]. In general, the trend of measured
scattering curves are in good agreement with the literature data, showing that there are
no intrinsic artefacts caused by the foam cell. Data recorded at a height of 2 cm are similar
to the one of a wet foam reported in literature and the data recorded at a height of 9.5 cm
are in good agreement with the one of a drained foam. The data measured at a height of
16 cm correspond to a foam in an even more drained state. The shoulder at q ≈ 0.08 Å−1 is
attributed to surfactant micelles present in the liquid foam films. Consequently, the intensity
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of this shoulder decreases with increasing foam height, as the liquid drains out of the foam
films over time. The shoulder at q ≈ 0.02 Å−1 occurs due to scattering at the liquid foam
films and is related to their thickness [26]. The fact that this shoulder was not observed by
Axelos et al. in their wet continuous foam could be explained by an even lower measuring
position or higher gas flow rate in the steady-state. Both factors would results in a wetter
foam, leading to a less ordered foam structure with a higher polydispersity regarding the
film thickness and, therefore, in a smearing out of the corresponding scattering feature.
Since it was possible to reproduce two different experiments reported in the literature by
scanning along the foam height of a steady-state foam, the presented approach is valid for
accessing the foam in different drainage stages with varying liquid volume fractions in
one experiment.
4. Conclusions
We successfully designed, constructed, and tested a sample environment (SE) for
SANS measurements on liquid foams. The SE allows the control of the gas flow rate used
for foam formation and offers the possibility to control the temperature. The complete
foam cylinder is made from neutron-transparent quartz glass, which enables SANS mea-
surements at any position along the foam height and the possibility to study different
drainage stages in a single experiment. Additionally, a sample changer on the basis of
a linear stage was constructed and completely integrated into the foreseen ESS control
structure at the ESS test beamline V20 at the HZB. Finally, SANS test measurements were
successfully performed at the KWS-1 beamline at the MLZ with a model foam already
reported in literature.
The presented SE is well-suited for studying liquid foams with SANS and should meet
the special requirements of neutron sources with high brilliance such as the ESS, where
an efficient use of the allocated beamtime becomes more important and the time required
for sample changes should be reduced to an absolute minimum. This is accounted for
by the sample changer for up to three foam cells and the possibility to access different
states of the same foam in a single measurement cell. In return, a neutron source such
as the ESS will allow new and/or more detailed SANS experiments using foams. The
high neutron flux at the ESS will reduce the data acquisition time for a similar experiment
as presented above at least by one order of magnitude to below 1 min. This will enable
experiments with less stable foams or studies investigating structural changes in foams
caused by external stimuli.
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